laminoplasty have been published in many reports; however, there are various factors associated with poor clinical outcome, such as duration of myelopathy, age at the time of surgery, preoperative severity of myelopathy, and presence of an MRI signal change. 6, [15] [16] [17] Recent reports have indicated 2 major factors associated with poor clinical outcome after laminoplasty: 1) kyphotic alignment of the cervical spine and 2) size of the OPLL. 7, 12 Therefore, either anterior decompression and fusion or posterior laminectomy and fusion surgery were selected for patients with kyphotic alignment of the cervical spine or a large OPLL. However, some patients have had poor clinical outcomes after laminoplasty. Several studies have focused mainly on static factors, such as cervical alignment or the OPLL size, and little is known about the impact of dynamic factors on surgical outcomes. The purpose of this study was to assess the predictive factors associated with poor surgical outcomes, particularly the impact of dynamic factors, after laminoplasty for cervical OPLL.
Methods

Patient Population
This retrospective study comprised a consecutive series of patients treated with laminoplasty for the surgical management of cervical OPLL. After receiving institutional review board approval, we identified patients with OPLL from a single institutional database who underwent laminoplasty between 2003 and 2009 for cervical myelopathy. The minimum follow-up was 2 years. Laminoplasty was indicated for OPLL that extended more than 3 levels, an occupying ratio of OPLL (that is, the ratio of the greatest anteroposterior thickness of the OPLL to the anteroposterior diameter of the spinal canal at the same level on a lateral image) of less than 60%, and lordotic alignment of the cervical spine. OPLL patients with traumatic cervical spinal cord injury who were surgically treated for symptomatic thoracic OPLL and who underwent instrumented fusion with an anterior or posterior approach were excluded from the study. Patient demographic data and surgical data were obtained from medical records and operative reports.
Surgical Technique
Our standard posterior surgical procedure is a double-door laminoplasty with preservation of posterior cervical elements. 26 The laminae were expanded one above and one below the existing level of OPLL, typically at C3-7. A left-sided approach was normally used, and the paravertebral muscle was detached from each lamina between C-3 and C-7 while preserving the muscles attached to the C-2 spinous process. An angled bone saw was used to cut the spinous processes from C-3 to C-6 at the base. The right-sided laminae were exposed while preserving posterior elements, including spinous processes and the supraspinous and interspinous ligaments. The laminae were split at the midline, and a high-speed drill was used to create bilateral gutters. After the bilateral laminae were elevated, hydroxyapatite spacers were inserted into the elevated lamina with nylon sutures.
Clinical Assessment
The Japanese Orthopaedic Association (JOA) score, recovery rate, and complications were reviewed to evaluate clinical outcomes. Hirabayashi's method was used to calculate the recovery rate of the JOA score. 9 Recent study-reported clinical results were divided into 4 groups as follows: 75% or higher (excellent), 50%-74% (good), 25%-49% (fair), and less than 25% (poor). 25 Therefore, we defined a good clinical outcome as a recovery rate greater than 50% in this study. Patient factors of age, sex, preoperative JOA score, preoperative somatosensory evoked potentials (SSEPs), preoperative motor evoked potentials (MEPs), body mass index (BMI), and diabetes mellitus were assessed to determine any association with poor clinical outcomes. Radiographic measurements included the C2-7 lordotic angle, preoperative C2-7 range of motion (ROM), preoperative segmental ROM at the level of cervical myelopathy, change in C2-7 angle, occupying ratio of OPLL, and presence of a T2 high-intensity lesion on MRI. The C2-7 angle was measured between the posterior border of the C-2 vertebral body and the posterior border of the C-7 vertebral body (Fig. 1) . The Cobb method was used to measure the C2-7 ROM through the change in the maximal flexion and extension by lateral radiographic view. Determination of the level of myelopathy was comprehensively assessed by 1) clinical examinations and 2) blocked level observed on myelography and level of the T2 high-intensity lesion on MRI.
Statistical Analysis
Continuous variables are presented as means ± SDs with ranges, and categorical variables are presented as frequencies and percentages. The independent Student t-test was used to compare continuous and categorical variables between the good recovery and poor recovery groups, and the chi-square test or Fisher's exact test was used if the frequency of any cell in a contingency table was less than 5, as appropriate. A receiver operating characteristic (ROC) curve analysis was performed to determine the optimal cutoff point of a risk factor that was found to be statistically significant in the univariate analysis. Logistic regression analysis was performed to examine the association of the optimal cutoff point of the risk factor with poor surgical outcome. All p values are 2-sided, and p values < 0.05 were considered to indicate statistical significance. SPSS software (version 17.0, SPSS Inc.) was used to perform statistical analyses.
Results
A total of 45 consecutive patients (33 males and 12 females) met the inclusion criteria, with a mean follow-up of 4 ± 1.6 years (range 2-6.8 years). An additional 10 patients had been excluded due to different types of surgeries (anterior decompression in 1 case and posterior decompression and fusion in 9 cases). The patient characteristics are shown in Table 1 . The mean age at the time of surgery was 66.9 ± 8.6 years (range 50-85 years). The average number of expanded laminae was 5.2 (range 3-7). The types of OPLL and number of patients for each were continu-J Neurosurg: Spine / Volume 21 / December 2014 ous type in 5 patients (11%), segmental type in 9 patients (20%), mixed type in 28 (62%), and unclassified type in 3 patients (7%). Eight patients had diabetes mellitus. Three patients (7%) were classified as K-line (-) (that is, patients whose OPLL crossed the K-line, a straight line connecting the midpoints of C-2 and C-7, as described by Fujiyoshi et al. 7 ). The mean JOA score significantly increased from 9.1 ± 2.6 to 13.3 ± 2.0 (p < 0.001) at the 2-year follow-up and to 13.1 ± 2.3 (p < 0.001) at the last follow-up. The mean recovery rate was 51.2% ± 25.8% (range 4.5%-100%). Figure 2 illustrates the distribution of recovery rate after laminoplasty. Intraoperative and postoperative complications associated with laminoplasty included axial pain in 5 patients, C-5 palsy in 3 patients, infection in 1 patient, and dural tear in 1 patient. Among 45 patients, 19 patients (42%) were classified into the poor clinical outcome group (recovery rate < 50%). The mean preoperative JOA scores for the good group and poor group were not significantly different (9.1 vs 9.1, p = 0.991). The postoperative JOA score was significantly improved in the good clinical outcome group relative to that of the poor outcome group at 2 years after surgery (14.2 vs 12.2, respectively; p < 0.001) and at the final follow-up (14.4 vs 11.4, respectively; p < 0.001) ( Table 2 ). In the poor clinical outcome group, there was a trend toward older average patient age relative to that in the good clinical outcome group, although the difference was not significant (68.1 ± 8.5 vs 66.0 ± 8.7 years, respectively; p = 0.435). None of the patient factors, including sex, preoperative JOA score, preoperative SSEPs, MEPs, BMI, or diabetes mellitus, were independent predictors of poor clinical outcome ( Table 2 ). The preoperative C2-7 angle was similar in both groups (14.6° vs 16.1°, p = 0.582). The postoperative C2-7 angle was significantly decreased in the good clinical outcome group at final follow-up (10.9°, p = 0.010) and slightly decreased in the poor clinical outcome group (14.2°, p = 0.228). However, there was no significant difference in the postoperative C2-7 angle at the final follow-up. In addition, the change in the C2-7 angle was similar in both groups (-3.7° vs -1.9°, p = 0.372). These results indicate that the loss of cervical lordosis after laminoplasty did not have an impact on the surgical outcome. The occupying ratio of OPLL was similar in both groups (36.7% vs 35.7%, p = 0.796). Five patients had an occupying ratio of OPLL of greater than 50% in this series. A T2 high-intensity lesion on MRI was more likely to be found in the poor clinical outcome group than in the good outcome group (63% vs 46%, respectively); however, this difference was not significant (p = 0.259). Regarding dynamic factors of the cervical spine, the preoperative C2-7 ROM was significantly greater in the poor clinical outcome group than in the good clinical outcome group (23.1° vs 14.4°, p = 0.009). On the other hand, the segmental ROM at the responsible level of myelopathy was similar in both groups (5.6° vs 5.5°, p = 0.898). These results suggested that only the preoperative C2-7 ROM was significantly associated with a poor clinical outcome. The ROC analysis showed that the optimal cutoff point of the preoperative C2-7 ROM was 20°, which maximized the sum of the sensitivity and specificity (Table 3) . The logistic regression analysis revealed that patients with a preoperative C2-7 ROM of greater than 20° had a 4.583 times higher risk (95% CI 1.263-16.635, p = 0.021) of a poor clinical outcome.
Discussion
After laminoplasty, the overall average JOA score improved significantly, and the average recovery rate was 51.2%. No patient had severe complications or late neurological deterioration during the average 4-year follow-up period. Several authors have reported limitations of laminoplasty for OPLL. Iwasaki et al. indicated that the surgical outcome was significantly poorer in patients with an OPLL occupying ratio of greater than 60%. 13 Fujiyoshi et al. proposed the K-line as a new index to evaluate both cervical kyphosis and size of the OPLL. 7 Patients with large OPLLs and kyphotic cervical alignment were excluded in this retrospective case series. Alternatively, cervical laminectomy and instrumented fusion provide stability of the decompressed levels and prevent progressive kyphosis.
11,14
Posterior decompression and instrumented fusion surgery were also chosen in cases of kyphotic alignment or large OPLL. In fact, there were only 5 patients with an occupying ratio of greater than 50% and 3 patients were classified as K-line (-). The clinical results of this study indicated that double-door laminoplasty for cervical OPLL was safe and effective.
Even though patients with poor prognoses were excluded, 42% of the patients in this study had a recovery rate of less than 50%. In the present study, a preoperative C2-7 ROM of greater than 20° was the only significant independent predictor associated with a poor clinical outcome. Recent reports have described the importance of dynamic factors, such as segmental instability and cervical spine mobility. Masaki et al. indicated that the segmen- 14.6 ± 6. tal ROM at the level of maximum cord compression was significantly greater in the poor outcome group than in the good outcome group. 16 They recommended anterior decompression and fusion for patients who had hypermobile segments. This finding differs from the current study's result in which the segmental ROM at the responsible level was similar in both groups (5.6° vs 5.5°). Matsunaga et al. reported that the C1-7 ROM was significantly greater in patients with myelopathy than in those without in patients with less than 60% canal stenosis. 18, 20 Ogawa et al. found that the clinical outcomes of laminoplasty were worse in patients with segmental-type OPLL. A greater C2-7 ROM in segmental-type OPLL was found to have a significant correlation with late deterioration. 22 These findings may suggest that cervical mobility may have an impact on the clinical outcome after laminoplasty.
Preoperative severity of myelopathy is one of the important predictors associated with good surgical outcomes. MEPs and SSEPs have been reported to be useful parameters for the prediction of surgical outcome.
10,24
Takahashi et al. 24 reported that the central motor conduction time significantly correlated with the preoperative JOA score. In the present study, the preoperative JOA score as well as MEPs and SSEPs did not correlate with the clinical outcomes of laminoplasty. High signal intensity on T2-weighted MR images of the spinal cord has previously been shown to be a predictor of poor clinical outcome. In this study, the frequency of T2 high-intensity lesions was not significantly different between the groups. These results indicate that the baseline preoperative severity of myelopathy did not correlate with clinical outcomes.
Preoperative cervical lordosis and loss of cervical lordosis after laminoplasty have been reported to be predictors of poor surgical outcome. 16, 23 In the present series, the pre-and postoperative C2-7 angles as well as the change in C2-7 angle were not significantly different between the groups. Thus, a dynamic factor was the only significant independent predictor of poor surgical outcome. Anterior decompression and fusion surgery has been reported to be more of an appropriate surgery for cervical OPLL. However, it is technically difficult to remove or float the OPLL through an anterior approach, and reconstruction of the cervical spine after multilevel corpectomy is complicated. Alternatively, posterior decompression with instrumented fusion surgery provided a good surgical outcome in 71.1% of patients with an average 4.8-year follow-up. 4 However, a high incidence of postoperative nerve root palsy occurred in 10 of the 83 patients (12%). It was concluded that postoperative nerve root palsy was associated with increased cervical lordosis. The indication for posterior decompression with instrumented fusion for patients with OPLL is controversial. Instrumented fusion surgery can prevent progression of kyphosis or OPLL. Therefore, posterior decompression with instrumented fusion without correction of cervical lordosis may be a useful strategy in patients with cervical hypermobility.
A weakness of this study was the relatively small sample size and retrospective data collection. In addition, the postoperative follow-up period may not have been long enough to assess potential neurological deterioration. Evaluation of OPLL type as a risk factor for clinical outcome of laminoplasty was also attempted. Another limitation was the small number of each type of OPLL. A prospective randomized study with a larger sample size and a longer follow-up period is required to compare the influence of the dynamic factors on the clinical outcome after laminoplasty.
Conclusions
The clinical results showed that double-door laminoplasty for cervical OPLL is safe and effective. Greater preoperative C2-7 ROM was associated with poor clinical outcomes after laminoplasty. This result may suggest that cervical mobility may have an impact on the clinical outcome of laminoplasty. Instrumented fusion surgery may be a useful strategy in patients with cervical hypermobility. 
